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As set forth above, transition of power from an 
incident beam to an output beam at a desired optical 
frequency can be most simply carried out in this embodiment 
by quasi -phasematching (QPM) . While the 

quasi -phasematching is not new per se, the following 
description will aid in understanding its application in 
the present invention. It is believed that it will be 
helpful to firstly consider standard birefringent 
phasematching . 

Generation of an optical second harmonic is possible 
in a medium having a nonzero second- order nonlinear 
polarizability . An incident fundamental generates a 
forced wave with the second harmonic which travels at the 
same velocity as the fundamental in the medium having this 
nonlinear polarizability. When the fundamental vector is 
ki, the forced wave has a wave vector 2ki. 

Boundary conditions obtained by the Maxwell equation 
require that a free second harmonic having a wave vector 
generated at the surface, also be present in the crystal. 
The second harmonic intensity in the crystal is determined 
by the result of interference between the above two waves • 
Because of dispersion in the medium^ the free wave and the 
forced wave do not generally travel at the same velocity. 
They collide against each other, resulting in a second 
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harmonic intensity which varies slnusoidally with a 
distance in the crystal as power is alternately transferred 
from the fundamental to the second harmonic and from the 
second harmonic to the fundamental, at a half -wave period 
equal to a coherence length Ic. This state is shown by a 
curve C in Fig. 4(a) . The coherence length Ic is given by 
Ic = p/Ak^ where Ak = | 2ki - ka | • (In a waveguide, the wave 
vectors are replaced by mode propagation constants, but 
they are qualitatively identical.) The second harmonic 
intensity where z=L is given by the following formula: 

l2C0[a)^d^L^(sin2(AkL/2)/(AkL/2)2] (A-1) 
where d is the relevant effective nonlinear coefficient, 
which is proportional to the second-order nonlinear 
polarizability. It can be seen from the formula (A-1) that 
the peak intensity of the second harmonic becomes smaller 
as the wave vector mismatch Ak becomes larger. For this 
reason, a process referred to as phasematching is necessary 
so as to make Ak exactly zero. Under a phasematched 
condition, the second harmonic intensity increases 
monotonically with the square of the distance in the 
crystal, as shown by the curve A in Fig. 4(a). This 
condition can be obtained by appropriately polarizing the 
fundamental in biref ringent crystals , thereby allowing it 
to propagate in a direction such that the orthogonally 
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polarized second harmonic has the same refractive Index 
as the fundamental. This technique Is referred to as angle 
matching or critical phasematchlng. Assuming that the 
crystal has the proper amount of birefringence which varies 
sufficiently with temperature^ so-called non-crltlcal 
phasematchlng can be Implemented by adjusting a 
temperature at an angle of 90 degrees relative to the 
optical axis of the crystal. 

Quasi -phasematchlng, as an alternative to the 
blrefrlngent phasematchlng set forth above. Is shown by 
the curves B In Figs . 4(a) and 4(b). When Ak^^^O , the free 
and forced second harmonics accumulate a relative phase 
shift p for each coherence length l^. When the phase of 
polarization of the forced wave shifts by p at a point where 
transition from the second harmonic power to the 
fundamental begins, the power continues to make the 
transition to the second harmonic. This can be 
Implemented by reversing the sign of the nonlinear 
coefficient d. I.e. by Instantaneously changing the 
crystal orientation. In the case of ferroelectric LlNbOa, 
this reversal of the crystal optical axis can be carried 
out by changing the sign of the polarization P5 In the same 
crystal. Maximum efficiency can be obtained by changing 
the direction of the polarization P5 for each coherence 
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length. 
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